v" Secondary changes in the cervical spine were studied in 18 cases with long-term ventriculoperitoneal (VP) shunting. Significant decreases in the anteroposterior diameter of cervical spinal canal and interpedicular distance were noted in patients who had had a VP shunt placed before 2 years of age and in whom sustained low intracranial pressure persisted for a long time, as evidenced by early closure of the cranial sutures or thickening of the cranial bones.
ARLY closure of the cranial sutures or thickening of the skull has been known to occur in patients with long-standing low intracranial pressure (ICP) after a shunt operation for hydrocephalus in early childhood. However, little attention has been paid to alterations in the spinal canal. Widening of the cervical spinal canal is a common finding in cases of hydromyelia associated with Arnold-Chiari malformations. It is therefore reasonable to assume that a sustained lowering of cerebrospinal fluid (CSF) pressure as a result of long-term artificial CSF shunting could also influence the subsequent size of the spinal canal. This report presents our findings in a series of patients with ventriculoperitoneal (VP) shunting.
Clinical Material and Methods
Among patients who had had a VP shunt placed before 2 years of age and had been followed for longer than 3 years, 18 cases were studied with follow-up radiographs of the cervical spine (Table 1 ). There were eight males and 10 females. Hydrocephalus was considered to be congenital in 10 cases and due to meningitis in five cases; the other causes were meningocele in one, a third ventficular tumor in one, and asphyxia at birth in one. The hydrocephalus was communicating in 14 cases and noncommunicating in four cases. Patients with anomalies, such as basilar impression or platybasia, Klippel-Feil syndrome, or Arnold-Chiari malformations, were carefully excluded from the study.
Cervical radiography in these cases was performed with a central x-ray focus projecting through the C-4 vertebra with a target-film distance of 150 cm. The anteroposterior (AP) diameter was measured on the lateral film from the posterior vertebral surface to the nearest point in the ventral line of the cortex at the junction of the spinous process and laminae. The inter- pedicular distance was the shortest distance between the medial surface of each vertebral pedicle in the AP film (Fig. 1) .
These measurements on the radiographs at the time of shunt operation as well as those at various times during the follow-up period were compared with the reported values for normal Caucasian subjects reported by Hinck, et at., s'6 after a correction was made for the difference of target-film distance. At present, there are no data on interpedicular distance in Japanese children.
There is only one report on sagittal measurements in Japanese children; 7 in that study wide fluctuations were seen in the range of values for each age group, probably due to the fact that measurement was performed only once for each subject. Therefore, we used the measurements of Hinck, et al., for comparison of chronological changes. In all cases, except for Cases 1 and 4, the latest radiographic examination was carried out with a followup period of longer than 4 years after the initial shunt. when the patients were aged between 4 and 15 years. Age Radiological data of the cervical spine were also obtained from routine skull radiograms taken with a target-film distance of 100 cm, particularly in early cases at the time of shunt operation and follow-up review.
The cranial index was calculated according to the formula, L+H+W Cranial Index (CI) = x 10, M where L = the greatest length on the lateral film between the inner tables of the skull, H = the greatest height measured as the perpendicular distance between the vault of the skull and a line drawn from the nasion to the posterior margin of the foramen magnum, W = the greatest width on the AP film between the inner tables of the skull, and M ---the maximum distance between the inner margins of the two necks of the mandible of the AP view.l'2 The volume of the sella turcica (in cu mm) was obtained by the formula, V=~LxDxW), where L = the greatest AP diameter of the sella, D = the longest perpendicular distance between the diaphragmatic line and the sella floor, and W = the greatest width on the AP filmJ "9
Results
All the measurements obtained are shown in Tables  2 and 3 . Two of the 18 cases (Cases 1 and 4) showed signs of inadequate function of the shunt consisting of persistent enlargement of the skull as determined by digital markings. These two cases are considered separately. The AP diameters of the spinal canal at the C-1 vertebral level were in the normal range in all cases, although there was a tendency toward narrowing, particularly in the younger age group (Fig. 2) . Below the level of C-2, the AP diameters were narrower than the average vague described in the literature in all patients except Cases I and 4 (Fig. 3) . Figure 4 shows changes of the AP diameters of the C-4 spinal canal with age. In 14 patients, whose shunts were considered effective enough to produce a low ICP for most of their life, the growth of the AP diameter was either arrested or reversed, while in the two patients whose shunts were insufficient there was progressive enlargement of the AP diameters.
The interpedicular distance showed similar changes. The patients with effective shunts had values less than the normal average and an arrest or reversal in growth rate. The two patients with inadequate shunts showed progressive enlargement (Fig. 5) .
The size of the skull, evaluated by the cranial index, was macrocephalic in eight cases and normocephalic in four cases at the time of shunt operation within 2 years after birth. At the time of follow-up review, three patients with macrocephalus became normocephalic, five patients became microcephalic, and all the patients with normocephalus became microcephalic. There was no significant correlation between the size of the skull and that of the cervical spine (Fig. 6 ).
The volume of the sella turcica tended to be smaller than the normal average, and a significant correlation was noted between the volume of the sella turcica and the AP diameter of the cervical spine (Fig. 7) .
Discussion
Long-standing low ICP in early childhood results in secondary craniostenosis. This report has demonstrated that the cervical spine also undergoes secondary changes as a result of VP shunting.
The growth of the laminae and pedicles takes place mainly at the median line of the laminae and at the epiphyseal line between the pedicle and vertebral body, and is nearly completed by the 2nd year after birth? Although factors influencing the growth of the spinal canal are not clearly defined, it is reasonable to assume that CSF pressure may serve as an expanding force, and lowering of CSF pressure in early childhood may cause early ossification at the growing sites. This may account for the characteristic shape of the spine in our cases, with a narrowed canal, short pedicles, and underdevelopment of laminae (Fig. 1) . It is interesting that these characteristics are also similar to the findings observed in cases of so-called "developmental narrowing of spinal canal," although none of our cases had symptoms due to the narrowed canal.
Another possibility is related to pituitary hormones. Because the development of the spinal canal is at the epiphyseal line, it is subject to the same hormonal influences as in the case of the long bones. The sella turcica is reported to be small at long-term follow-up review in patients with VP shunts. 3,4 Our finding that the size of the spinal canal correlated not with the size of the skull but with the size of the sella turcica may suggest the participation of this mechanism. This, however, remains conjectural since it has not been proven that hormonal abnormalities are actually present in these cases.
